Available online at www.sciencedirect.com 
science @joinecr: RENEWABLE 


& SUSTAINABLE 
ENERGY REVIEWS 


cle Lies Renewable and Sustainable Energy Reviews 
ELSEVIER 9 (2005) 273-287 


www.elsevier.com/locate/rser 


On hydrogen and hydrogen energy strategies 
II: future projections affecting global stability 
and unrest 


A. Midilli*, M. Ay’, I. Dincer ™*, M.A. Rosen? 


* Energy Division, Mechanical Engineering Department, Nigde University, 51100, Nigde, Turkey 
> Faculty of Engineering and Applied Science, Faculty of Engineering and Applied Science, 
University of Ontario Institute of Technology, 2000 Simcoe Street North, 

Oshawa, Ont., Canada LIH 7K4 


Received 27 April 2004; accepted 7 May 2004 


Abstract 


This article focuses on hydrogen energy strategies and discusses the key role of hydrogen 
as an energy carrier in this century and beyond. Two important empirical relations that 
describe the effects of fossil fuels on world peace and global unrest are developed. These 
relations incorporate predicted utilization ratios for hydrogen energy from non-fossil fuels, 
and are used to investigate whether hydrogen utilization can reduce the negative global 
effects related to fossil fuel use, eliminate or reduce the possibilities of global energy con- 
flicts, and contribute to achieving world peace and stability. Consequently, the highest levels 
of global peace and global unrest can be estimated. If hydrogen use from non-fossil fuels 
increases, for a fixed usage of petroleum, coal and natural gas, the level of global unrest 
decreases. However, if the utilization ratio of hydrogen energy from non-fossil fuels is lower 
than 100%, the level of global peace decreases as the symptoms of global unrest increase. 
Thus, to reduce the causes of global unrest and increase the likelihood of global peace in the 
future, it is suggested that hydrogen energy be widely and efficiently used as part of sustain- 
able technologies and systems. It is expected that the results of this study will be of use to 
decision makers and scholars who want to develop and promote the use of hydrogen-based 
technologies and solve future energy and environment related problems globally. 
© 2004 Elsevier Ltd. All rights reserved. 
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Nomenclature 


Owpe quantity of world primary energy, Mtoe 
U. utilization of coal, Mtoe 

Un, utilization of hydrogen from non-fossil fuels, Mtoe 
Ung utilization of natural gas, Mtoe 

Up utilization of petroleum, Mtoe 


Greek letters 


Bu utilization efficiency factor 
Pou utilization ratio of coal after hydrogen usage from non-fossil fuels 
Pra total utilization ratio of fossil fuels after hydrogen usage from non- 


fossil fuels 

ngu utilization ratio of natural gas after hydrogen usage from non-fossil 
fuels 

dpu utilization ratio of petroleum after hydrogen usage from non-fossil 
fuels 

Ogiobai_ level of global unrest 

Estobat level of global peace 

Weu utilization ratio of coal 

Wetu total utilization ratio of fossil fuels 

Wy,-c utilization of hydrogen from non-fossil fuels at a certain utilization 
ratio of coal 

Wu, total utilization ratio of hydrogen from non-fossil fuels at certain uti- 
lization ratios of fossil fuels 

Wy,-ng Utilization of hydrogen from non-fossil fuels at a certain utilization 
ratio of natural gas 

Wy,-p utilization of hydrogen from non-fossil fuels at a certain utilization 
ratio of petroleum 

Wneu utilization ratio of natural gas 

Vou utilization ratio of petroleum 
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1. Introduction 


The idea of using hydrogen as a fuel is not new, but interest in it has grown in 
recent years. As early as 1874, a character in Jules Verne’s novel, The Mysterious 
Island, suggested that when fossil fuel supplies run out, hydrogen “will furnish an 
inexhaustible source of heat and light”. So far, however, this idea has generated 
much research but little commercial application. 

Energy is a key element in the interactions between nature and society and is 
considered a key requirement for economic development. Many environmental 
issues, for example, acid precipitation, stratospheric ozone depletion and global cli- 
mate change, are caused by or relate to the production, conversion and use of 
energy. Environmental issues span a continuously growing range of pollutants, 
hazards and eco-system degradation factors that affect areas ranging from local 
through regional to global. Some of these concerns arise from observable, chronic 
effects on, for instance, human health, while others stem from actual or perceived 
environmental risks such as possible accidental releases of hazardous materials. 

Reasons why hydrogen is one of the most promising future energy carriers 
include that it can be used efficiently and be low polluting. When hydrogen is used 
in a fuel cell to generate electricity or is combusted with air, the only products are 
water and a small amount of NO,. Hydrogen can be generated renewably and is 
found in many compounds such as water, fossil fuels, and biomass. 

Hydrogen typically makes up about 6% by weight of dry biomass. Using bio- 
mass energy results in lower emissions than using fossil fuels. CO, is continuously 
recycled as biomass in the form of trees and other plants that use it to regenerate, 
and lower emissions of sulfur and NO, are normally generated when using woody 
biomass in comparison to coal. To obtain hydrogen from biomass, pyrolysis or 
gasification is used, which typically yields a gas containing 20% hydrogen by vol- 
ume, and which can be further steam-reformed to make higher-purity streams for 
fuel cells. The challenge for biomass utilization is to overcome the economic bar- 
riers that current technology presents for converting biomass to hydrogen for use 
in clean, efficient energy-conversion devices [1]. 

Hydrogen produced from non-fossil fuels (e.g., renewable resources) and used in 
fuel cells can provide sustainable energy to drive electric vehicles and other devices. 
The total hydrogen system, including distribution, refueling and on-board storage 
of hydrogen, may prove superior to batteries recharged with grid power. A hydro- 
gen-powered electric vehicle may offer a market entry for hydrogen and renewable 
resources in transportation. Attractive transitional applications of hydrogen 
include its use in combustion engine vehicles. The environmental and energy policy 
consequences are significantly less with hydrogen than with continued use of fossil 
fuel-derived fuels in conventional combustion engine vehicles. Fuel cells, which 
employ hydrogen to produce electricity, can be used to power a wide variety of 
applications ranging from laptops to power plants [2]. 

The primary objective of this study is to investigate the key role of hydrogen as 
an energy carrier in this century and beyond. For this purpose two important 
empirical relations are developed, using utilization ratios of hydrogen from non- 
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fossil fuels, that describe the effect of fossil fuels on world peace and global unrest. 
These relations suggest that hydrogen is an important and valuable future energy 
carrier because it is advantageous and safe for transportation and benign regarding 
the environment, and it has the highest utilization efficiency and the lowest effective 
cost. Consequently, a transition to hydrogen energy should be encouraged to 
reduce and/or stop the negative effects related to fossil energy sources. Moreover, 
all developed countries should increase investments in hydrogen energy from non- 
fossil fuels and related technologies. Such measures may prevent the world energy 
conflicts and contribute to achieving global peace. 


2. A new quantification of global stability and unrest 


Energy is a key factor in discussions of economic, social and environmental 
dimensions of sustainable development [3]. Fossil fuels such as petroleum, coal and 
natural gas, which have been extensively utilized in industrial and domestic appli- 
cations for a long time, have often been the cause of global destabilization and 
unrest. This problem is likely to increase in significance in the future and suggests 
the need for investigations of, among other factors, the role of hydrogen energy 
relative to future global peace and peace. Note that hydrogen is an energy carrier, 
not an energy source; hydrogen can be produced from non-fossil fuel sources (e.g., 
water, biomass) by using renewable energy sources. 


2.1. Global unrest 


Here, we introduce a new quantitative measure of the level of global unrest 
based on the utilization ratios of petroleum, coal and natural gas as a function of 
the following significant parameters 


quantity of world energy sources, Qwpe 

utilization of petroleum, coal and natural gas, respectively, Up, Uc and Ung 
utilization of hydrogen from non-fossil fuels, Uy, 

utilization of hydrogen from non-fossil fuels at a certain utilization ratio of pet- 
roleum, Wy,_p 

e utilization of hydrogen from non-fossil fuels at a certain utilization ratio of coal, 


Vm -c 

e utilization of hydrogen from non-fossil fuels at a certain utilization ratio of natu- 
ral gas, WH,—ng a 

e total utilization ratio of hydrogen from non-fossil fuels at certain utilization 
ratios of fossil fuels, Wy, _ ¢ 


In general, the global unrest arising from the use of fossil fuels is considered as a 
function of the usage ratios of these fossil fuels. Thus, the following definitions and 
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relations are considered: 


Up Utilization of petroleum 
pu Qwp | Quantity of world primary energy Shand: (Ups Ons)’ 1) 
Uc Utilization of coal 
= = ; 1 d (U, 2 
Veu Qwpe quantity of world primary energy and (Uc < Qwpe) (2) 
= Ung _ Utilization of natural gas 
"80" Qwpe quantity of world primary energy 
<1 and (Ung < Qwpe) (3) 


The use of world primary energy generally changes each year, and in general has 
grown with increasing population and technology advances. 

The total utilization ratio of fossil fuels is related to Ypu, Wou and Yangu and can 
be estimated as 


Wita = Wisi + Wou ae W sea (4) 


Moreover, the utilization ratios of petroleum, coal and natural gas after hydrogen 
usage from non-fossil fuels can be written as 


Ppu = Vou z= Wu,—p (5) 
Pou = Wou z Yn, -c (6) 
Oren = Vngu ig Vi -ng (7) 


where Yy,-p denotes the utilization ratio of hydrogen from non-fossil fuels at a 
certain utilization ratio of petroleum, Yy,-c the utilization ratio of hydrogen from 
non-fossil fuels at a certain utilization ratio of coal, and Wy, -ng the utilization ratio 
of hydrogen from non-fossil fuels at a certain utilization ratio of natural gas. 

Using Eqs. (5)-(7), the total utilization ratio of fossil fuels, assuming the utiliza- 
tion of hydrogen from non-fossil fuels at a certain utilization ratio of fossil fuels, 
can be written as 


Pera = Ppu + Pou + Pngu (8a) 
Pitu = Vi — (Wap + Yn -c + Wang) (8b) 
where 
Vn- = Yn, -p + Vac + Yh, -ng (9) 
Substituting Eq. (9) into Eq. (8b), we obtain 
Piu = Via — Wyte (10) 


With the total utilization ratios of fossil fuels (Wm), we will be able to define the 
negative effects of using these fuels in the world. This will bring up the definition of 
the quantitatively global unrest (Ogiobai), and we define it as the negative effects of 
all the problems caused by fossil fuel utilization, world fossil energy demand, 
increase of fossil energy consumption per capita, technological developments based 
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on the fossil energy sources, etc. Actually, no theoretical and/or experimental and/ 
or computational information or data on the level of the global unrest as well as 
global peace have been found in literature so far. Therefore, this study aims to 
present this approach to identify and estimate the levels of global unrest and global 
peace in a quantitative form for comparison purposes. As indicated, some statisti- 
cal data from literature (e.g., [4]) are employed to highlight the importance of the 
topic. 

In order to identify and estimate the level of global unrest accordingly, it is 
important to select a proper reference value. For this purpose, it is assumed that 
the lowest value of global unrest and the highest value of global peace are equal to 
1 that is a reference point to evaluate the interactions between global unrest and 
global peace, which is defined in the sub title “global peace”. The level of global 
unrest needs to be expressed mathematically as a function of the utilization ratios 
of fossil fuels after hydrogen usage from non-fossil fuels (gy). In this case, the 
mathematical form of the global unrest is written as follows: 

© : (11) 
Hen (1 = Pm) 

It is useful to express the level of global unrest, as dependent on the utilization 
ratios of hydrogen from non-fossil fuels at a certain ratio of petroleum, hydrogen 
from non-fossil fuels at a certain ratio of coal, and hydrogen from non-fossil fuels 
at a certain ratio of natural gas as follows: 


1 
Oglobal = 
j 1 — (Yi — (Vn -p + Yn -c + Ym-ng)) 


Consequently, based on Eqs. (1)-(12) and taking into consideration the above 
assumption, the general algebraic case form of global unrest expression proposed is 
as follows: 


Og We gt ~ 
O zlobal = fı (z= + Qwep t z) (Wa, P Te Vn, Cc Te Wu, n| \ 
(13) 


As seen in Eq. (13), the level of global unrest is a function of utilization ratios of 
coal, petroleum and natural gas, and utilization ratios of hydrogen from non-fossil 
fuels at certain utilization ratios of these fossil fuels. In order to determine the 
intervals of the general case form of global unrest expression, Eq. (13) should be 
theoretically analyzed and justified in the scope of the above assumption. If the 
total utilization ratio of hydrogen from non-fossil fuels at certain utilization ratios 
of fossil fuels is equal to total utilization ratio of fossil fuels 

Ue U, 


U, 
P + "E Z Wy, p + Wc t VH, -ng 
Owep Owep wep 


the value of the total utilization ratio of fossil fuels after hydrogen usage from non- 


(12) 


Ynt = Wiru = 
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fossil fuels will be zero 


U, U: Un 
Piu = (= + Ovep + 5) (Wy,-p + Vn, -c + Wu,-ng) | = 0. 
In this case, the level of global unrest is unity, as shown in Eq. (13) (Ogiobal = 1). 
This is a condition for the lowest level of global unrest, and means that the nega- 
tive effects from the utilization and requirement of fossil fuels are reduced to a 
minimum level. However, the total utilization ratio of hydrogen from non-fossil 
fuels at certain utilization ratios of fossil fuels will be equal to zero (Wy, = 
Wu,—p + Vn,-c + Wu,-ng = 9) if world energy demands are completely provided 
from fossil fuel sources. Then, the level of global unrest becomes infinite 
(Ogtobal = 00). For normal conditions, the level of global unrest varies between 
1 and oo, depending on the parameters Wu and Wy, _¢. The level of global unrest 
should be closer to 1 to increase the level of global peace. Generally, it is seen from 
Eq. (13) that global unrest increases as the consumption of fossil fuels increases. In 
order to decrease global unrest stemming from fossil fuels usage, the authors sug- 
gest that, instead of fossil fuels, the utilization ratio of hydrogen obtained from non- 
fossil fuels by using renewable energy resources, should be increased in industrial 
and domestic applications. This measure will reduce the utilization of fossil fuels. 


2.2. Global peace 


Here, we introduce another significant parameter as a quantitative measure of 
the level of global peace, based on the utilization ratios of petroleum, coal and 
natural gas as a function of the above parameters. Considering these parameters, 
the interactions of global peace with hydrogen energy from non-fossil fuels and 
fossil fuels such as petroleum, coal and natural gas are demonstrated in Fig. 1. 
This figure illustrates the interactions of global peace with hydrogen energy and 
fossil fuel utilization. In this figure, the utilization ratios for petroleum, coal and 
natural gas before and after 2004 are parametrically shown as Wpu, Weus Wngus Ppu, 
gcu and yeu, respectively. Moreover, the levels of global peace resulting from 
decreases or increases of these ratios before and after 2004 are given as Čglobal- 
Generally, it is expected that the level of global peace will decrease due to an 
increase in fossil fuel utilization. This figure shows that, after 2004, if hydrogen 
produced from non-fossil fuel sources is utilized instead of petroleum, coal and 
natural gas, the level of global peace will increase. 

To improve understanding, the utilization ratio of hydrogen from non-fossil 
fuels is defined and its relationship with the level of global peace. The utilization 
ratio of hydrogen from non-fossil fuels is the ratio of hydrogen utilization from 
non-fossil fuels to the quantity of world primary energy: 


Un, _ utilization of hydrogen from non-fossil fuels 


Vn, 


~ Owpe quantity of world primary energy 
< 1, (Un, < Qwpe) (14) 
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global peace 


petroleum coal natural gas se a a a 
k 


i i 
' i 
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Vy,-c Wit, -ng | ASS 
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Fig. 1. The interaction of global peace with hydrogen from non-fossil fuels, petroleum, coal and natural 
gas. 


An increase in hydrogen utilization from non-fossil fuels increases the value of the 
parameter Yy,- 

The relationship between global unrest and hydrogen utilization from non-fossil 
fuels can be explained considering the parameter Yy,. It is known that global 
unrest results in large part from the utilization of petroleum, coal and natural gas. 
Also, the more fossil fuels are used, the more their reserves are decreased. This 
causes the following global problems: 


e technological developments that are based on fossil fuels decrease or cease, lead- 
ing to widespread unrest, 

e the fossil fuel use per capita decreases, affecting individuals and societies, 

e other problems are detailed in Fig. | presented in the first article as part 1 of this 
work, and 

e the problems described above increase the requirement of a new energy carrier, 
which may be hydrogen. 


Therefore, in order to decrease global unrest and increase the level of global peace, 
hydrogen from non-fossil fuels should be used, and encouraged for use, in techno- 
logical developments and in industrial and domestic applications. The main benefit 
is derived from the substitution of hydrogen from non-fossil fuels for petroleum, 
coal and natural gas. Hydrogen derived from non-fossil sources can be substituted 
entirely for fossil fuels to attain the largest decrease in global unrest. 

An increase in the utilization ratio of hydrogen from non-fossil fuels and a 
decrease in the level of global unrest refer to the decrease of the negative effects 
caused by fossil fuels. Additionally, an increase in the hydrogen utilization from 
non-fossil fuels may also decrease the requirement of fossil fuels. Thus, the term of 
global peace may be defined as the ratio of hydrogen utilization from non-fossil 
fuels (Wy4,) to the level of global unrest (© giobal). 

In order to identify and estimate the level of global peace quantitatively, it is 
assumed that the highest value of global peace is equal to 1 that is a reference 
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point to evaluate the interactions between global unrest and global peace. Thus, 
the relationship between global unrest and global peace can be written as a func- 
tion of the utilization ratio of hydrogen from non-fossil fuels. It is proposed here 
that the algebraic case form of global peace €s1,ba1 may be expressed as 


Wu 
Citai = - 15 
raoba O global ( ) 
Substituting Eq. (12) into Eq. (15), 
C global = Wu, (1 EÈ (Wii = (Yn, -P = Yn, -c of Ya, -ng))) (16) 


Also, substituting Eq. (9) into Eq. (16), the level of global peace can be expres- 
sed based on the utilization ratios of fossil fuels and hydrogen energy from non- 
fossil fuels: 


Eslobal = Wu, (1 — (Via — Yu, -er)) (17) 


Based on the utilization ratio of fossil fuels after hydrogen from non-fossil fuels is 
used in place of petroleum, coal and natural gas, the level of global peace is for- 
mulated as 


Čglobal = Wu, (1 — Pera) (18) 


Accordingly, based on Eqs. (13)-(18) and taking into consideration the above 
assumption, the general algebraic case form of global peace expression proposed is 
as follows: 


_ Um 
C global == 
OQwep 


U, U. Un 
í {! (ae Owep ag 5) (Wi, —p + Yn -c + T] \ 


(19) 


Eq. (19) is a function of utilization ratios of coal, petroleum and natural gas, and 
utilization ratios of hydrogen from non-fossil fuels at certain utilization ratios of 
these fuels, and utilization ratio of hydrogen from non-fossil fuels. In order to 
determine the interval of the general case form of global peace expression, Eq. (19) 
should be analyzed and justified in the scope of the above assumption. In this 
equation, it is known that the level of the case form of global unrest (Ogiopai) varies 
between | and oo while Yy, varies between 0 and 1, proportionally. Therefore, the 
maximum level of global peace is equal to 1 while Ogiopa) = the minimum level = 1 
and Wy, = the maximum level = 1. However, the level of global peace changes 
between 0 and 1 when Opova is larger than Wy,. If Yy, = the maximum value = 1 
and world energy demand is completely provided from hydrogen from non-fossil 
fuels by using renewable energy sources, it can be assumed that no negative effects 
resulting from the utilization and requirement of fossil fuels will occur. 
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3. Results and discussion 


The expressions introduced for global unrest and global peace (Eqs. (13) and 
(19)) can help us better understand and develop hydrogen energy strategies for the 
future. These expressions are dependent upon the amounts of petroleum, coal and 
natural gas consumed, annual quantities of world primary energy consumption and 
the predicted utilization ratios of hydrogen in place of fossil fuels (ranging from 
0% to 100%). Several effects are now examined using Eqs. (13) and (19) and data 
from the literature (e.g., [4]). 

Fig. 2 illustrates the variation of fossil fuel utilization as a function of the utiliza- 
tion ratio of hydrogen from non-fossil fuels. When no hydrogen is substituted for 
fossil fuels (Wy, = 0), the utilization ratio of fossil fuels is a maximum and varies 
between 0.86 and 0.74 from 1971 to 2030, respectively. The decrease as time pro- 
gresses is based on an observed and anticipated continuous decrease in fossil fuels 
reserves. If the utilization ratio of hydrogen from non-fossil fuels is increased at a 
certain ratio of fossil fuels (Wy, > 0), then the utilization ratio of fossil fuels 
decreases (fru < Yiu). Considering Eq. (10), if the utilization ratio of hydrogen 
from non-fossil fuels instead of fossil fuels is equal to Way, then fossil fuel utiliza- 
tion ratio dgy is zero. Thus, the utilization of only hydrogen from non-fossil fuels 
continuously increases the lifetimes of fossil fuel reserves. 

Fig. 3 shows the variation of the level of global unrest as a function of the 
hydrogen utilization ratio from non-fossil fuels. To better appreciate this figure, 
some of the key energy-related reasons for global unrest need to be understood: 


SK Year: 1971 
“Lh Year: 2000 
0.8 “AR. Year: 2010 
0.7 SH. Year: 2030 


Fossil fuels utilization (dimensionless) 


0 10 20 30 40 50 60 70 80 90 100 


Utilization ratio of hydrogen from non-fossil fuels (%) 


Fig. 2. Variation of fossil fuels utilization with utilization ratios of hydrogen from non-fossil fuels, for 
several years based, on data from Ref. [4]. 
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Fig. 3. Variation of the level of global unrest as a function of predicted hydrogen utilization ratio from 
non-fossil fuels, for several years, based on data from Ref. [4]. 


e increases in fossil fuel prices, 

e environmental effects of energy use, including pollution due to emissions, strato- 
spheric ozone layer depletion and global warming, 

e decreases in the amount of fossil fuel available per capita and the associated 
decrease in living standards, 

e increases in energy demand due to technological developments attributable to 
and based on fossil fuels, 

e depletion of fossil fuel reserves, 

e increases in conflicts for fossil fuel reserves throughout the world, and 

e the lack of affordable and practical alternative energy sources to fossil fuels. 


According to Fig. 3, the lowest level of global unrest (Ogiobal = 1) occurs when 
hydrogen from non-fossil fuels is substituted completely for fossil fuels. In general, 
the level of global unrest is higher than 1 and the problems causing global unrest 
can be reduced by using hydrogen energy from non-fossil sources instead of fossil 
fuels. Eq. (13) suggests that the utilization of hydrogen from non-fossil fuels at cer- 
tain ratios of petroleum, coal and natural gas decreases the amount of fossil fuel 
consumption, and thus reduces the level of global unrest closer to 1. As shown in 
Fig. 3, the levels of global unrest are 7.14 in 1971, 4.24 in 2000, 4.07 in 2010 and 
3.77 in 2030 when the utilization ratio of hydrogen is zero (i.e., when Wy, p = 0; 
Wu,—c = 0; sate = 0). 

Fig. 4 shows the variation in the level of global peace as a function of the hydro- 
gen utilization ratio from non-fossil fuels. According to Fig. 4, if the utilization 
ratio of hydrogen from non-fossil fuels is lower than 100%, the level of global 
peace is less than | and the reasons for global unrest increase. Therefore, it is ben- 
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Fig. 4. Variation of the level of global peace as a function of predicted hydrogen utilization ratio from 
non-fossil fuels, for several years, based on data from Ref. [4]. 


eficial to encourage the utilization of hydrogen from non-fossil fuels in place of 
fossil fuels. The highest level of global peace is attained when 100% of hydrogen 
from non-fossil fuels is used in place of fossil fuels. Some advantages of having the 
highest level of global peace: 


e Lifetimes of fossil fuel reserves are extended and real fossil fuel prices, conse- 
quently, can be held constant or reduced relative to present prices. 

e Environmental effects from using fossil fuels are reduced or prevented because of 
the utilization of hydrogen from renewable energy sources and technologies. 

e Technological developments based on hydrogen from non-fossil fuels increase 
and the requirement of technologies based on fossil fuels decrease. 

e Living standards are probably higher than at present due in part to the increased 
consumption of the technologies related to hydrogen from renewable energy 
sources. 

e Pressures to discover energy sources reduce because hydrogen can be abundantly 
produced, and conflicts for energy supplies subside. 


Fig. 5 compares the levels of global unrest and global peace as a function of the 
predicted utilization ratio of hydrogen from non-fossil fuels. Eq. (19) indicates that 
there is an inversely proportional relationship between global peace and global 
unrest, depending on the utilization ratio of hydrogen from non-fossil fuels (Yy,). 
As shown in Fig. 5, an increase in hydrogen utilization accordingly decreases the 
reasons for global unrest, allowing the benefits of global peace to be realized over 
time. 


A. Midilli et al. / Renewable and Sustainable Energy Reviews 9 (2005) 273-287 285 


V2 5 en ae a aaa ie SS 7 8 
l | `», Year: 1971 5 Year: 2000 | | 
_ | a Year: 2010. Year: 2030 | me ]- 
Be gee er pe t #=1 i F 
2 t 1 & 
5 | . |. = 
E I 16 3 
2 0.8 ! global global 1 5 
5 } unrest stability i, £ 
Bick + j= 
2 oe è ] ž 
5 g 
$ N i 4 a 
Boal SSX 1 g 
Ko OS i, $ 
vi) L | 3 Ge 
ta | © 
< L ] 5 
2 0.2} io 8 
3 { = 
I =$ 1 
0 REE E. a E O E A E E E E E E E S AE, e Laad 


1 
0 10 20 30 40 50 60 70 80 90 100 110 


Utilization ratio of hydrogen from non-fossil fuels (%) 


Fig. 5. Comparison of levels of global unrest and global peace as a function of hydrogen utilization 
ratios from non-fossil fuels. 


To increase global peace, the relationship of hydrogen to renewable energy sour- 
ces needs to be understood, as does the importance of producing hydrogen from 
renewable energy sources. Throughout this article, the required heat and electricity 
for hydrogen production from water or solid wastes containing carbon should 
come from renewable energy sources instead of fossil fuel energy sources, as high- 
lighted by many sources. This idea is based on suggestions by others [5]. 

Fig. 6 describes routes using renewable energy sources for hydrogen production. 
As shown in Fig. 6, the utilization of hydrogen from non-fossil fuels reduces the 
negative energy-related environmental effects such as global climate change, and 
emissions of CO, CO2, NO,, SO,, non-methane hydrocarbons, and particulate 
matter. To reduce these negative impacts, hydrogen should be produced from 
water or biomass by means of electrolysis or gasification technologies, and the 
required energy for this purpose should be supplied from the renewable energy 
sources. 

By examining Figs. 2-5 and the expressions developed, the following important 
observations can be made: 


e The level of global unrest cannot be lower than 1. When the level of global 
unrest is 1, the utilization of hydrogen from non-fossil fuels in place of fossil 
fuels is a maximum. 

© If Ypu, Wen and Yangu increase, then Čglobai decreases and global unrest heightens, 

o If wou, Weu and Whey decrease, then Osiobar decreases and global peace is more 
likely. 

o If Vn, Ym -p> Ym -c and VH-ng increase, then €siopa1 increases. 

e If Pou = Wou = Yn, -P; Pou = You z Yn,-c and Papi ai Wneu = VH, -ng decrease, 
Eslobat probably increases. 
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Fig. 6. Routes for hydrogen production from renewable energy sources. 


Conclusions 


This paper discusses the key role of the hydrogen economy and hydrogen energy 


strategies for the future in terms of global unrest and peace. Two important ana- 
lytical expressions are introduced, which are dependent upon utilization ratios of 
hydrogen from non-fossil fuels, to describe the effect of fossil fuels on world peace 
and global unrest. From the main findings, including those stemming from 
Eqs. (13) and (19), the following conclusions are drawn: 


The approximate quantified measures developed for level of global peace čglobal 
(ranging between 0 and 1) and level of global unrest Ogiobai (ranging between 1 
and oo) expressions can help understand and measure levels of global unrest and 
global peace. 

The highest level of global peace occurs when €gioha1 = 1 and correspondingly the 
lowest level of global unrest when ®gjohai = 1, and efforts to increase global 
peace and stability should cause the values of Esioba and Ogioba to shift towards 
these limiting cases. 

Hydrogen from non-fossil fuels should replace oil, coal and natural gas to 
reduce the level of global unrest. 

When the utilization ratio of hydrogen from non-fossil fuels is lower than 100%, 
the level of global peace is less than 1 and one or more of the effects of global 
unrest are likely to be observed. 


Consequently, in order to improve levels of global peace and stability, a tran- 


sition to hydrogen economy should be accelerated, and the use of hydrogen energy 
and its systems (e.g., fuel cells) should be facilitated and implement by all possible 
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means. Also, in order to decrease the negative effects of using fossil energy resour- 
ces, countries should increase the investments in hydrogen energy technologies 
employing non-fossil fuels. 
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